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GHYHORSPHQWDQGPDQXIDFWXULQJLQDOOILHOGVRIHQJLQHHULQJ 9650XUWK\HWDOKDYH RSLQHG WKDW VXLWDEOH
PDWHULDOVRQO\FDQJLYHVKDSHWRWKH FRQFHSWVDQGGHVLJQRIDQ HQJLQHHU 5HFRJQLVLQJWKHIDFWWKDWWKHPDWHULDOSOD\V
DPDMRU UROH LQ HYHU\ LQGXVWULDO DSSOLFDWLRQ WKHUHKDVEHHQ DPRXQWLQJ VHDUFK IRU QHZPDWHULDOVZRUOGZLGH IURP
WLPHVLPPHPRULDO7KLVKDVOHGWRWKHGHYHORSPHQWRI DIHZ DGYDQFHGPDWHULDO DQGWKHLUSURFHVVLQJPHWKRGVZLWK
FRQWLQXRXV HIIRUWV EHLQJPDGH WR LPSURYH WKH SURSHUWLHV RIPDWHULDO IRU WKHLU HQKDQFHG SHUIRUPDQFH ,Q JHQHUDO
FRQYHQWLRQDOPDWHULDOVPD\GRQRWSRVVHVV WKHUHTXLUHGSURSHUWLHV +LJK VWUHQJWKZLWK ORZGHQVLW\ LVHVVHQWLDO IRU
DHURVSDFHWUDQVSRUWDWLRQDQGLQPDQ\VWUXFWXUDODSSOLFDWLRQVZKLFKFDQEHPHWE\WKHFRPSRVLWHPDWHULDOV





*%9HHUHVK.XPDUHWDOKDVVWDWHGWKDW $UWLILFLDO 1HXUDO1HWZRUNV$11V KDYHEHHQ UHFHLYHGDJUHDW
GHDORIDWWHQWLRQDVDSUHGLFWLRQDQGPRGHOOLQJWRROLQPDQ\UHVHDUFKDUHDV $11VKDYHEHHQWUDLQHGWRVROYHQRQ
OLQHDUDQGFRPSOH[SUREOHPVWKDWDUHQRWPRGHOOHGPDWKHPDWLFDOO\ $UWLILFLDO1HXUDO1HWZRUN0RGHOOLQJKDVEHHQ
XVHG WRYDOLGDWHWKHPHFKDQLFDODQGZHDUSURSHUWLHVRI$OUHLQIRUFHGZLWKIO\DVK DQG (JODVVVKRUWILEHUV
7KRXJK D QXPEHU RI OLJKW PHWDOV OLNH $OXPLQLXP 0DJQHVLXP DQG 7LWDQLXP KDYH EHHQ XVHG DV PDWULFHV
SUHGRPLQDQWO\$OXPLQLXPDQGLWVDOOR\VKDYHEHHQ XVHGPRUHZLGHO\DVWKHPDWULFHVLQWKHSUHSDUDWLRQRI00&V
$OXPLQLXP0HWDO0DWUL[&RPSRVLWHV$00&VSUHVHQWVHYHUDOH[FHSWLRQDOPHFKDQLFDODQGEHWWHUZHDUUHVLVWDQFH
SURSHUWLHV FRPSDUHG WR WKH PDWUL[ DOOR\ +HQFH LQ WKH UHFHQW \HDUV $OXPLQLXP DOOR\ EDVHG 00&V DUH EHLQJ
SURMHFWHGDVDVSLUDQWPDWHULDOVLQQXPHURXVLQWHUHVWLQJDSSOLFDWLRQV
 $LPRIWKH3UHVHQW6WXG\






.KDQQD23 SXEOLFL]HG WKDW D VXLWDEOHPDWHULDOKDVWREHVHOHFWHGEDVHGRQVHYHUDOIDFWRUV VXFKDV VHUYLFH
IDEULFDWLRQDQGHFRQRPLFUHTXLUHPHQWV %DVHGRQWKHH[WHQVLYHOLWHUDWXUHVXUYH\FDUULHGRXWWKHPDWHULDOVVHOHFWHG
LQ WKH IRUPDWLRQ RI FRPSRVLWHV DUH L $OXPLQLXP  LL )O\ DVK DQG LLL (*ODVV )O\ DVK DQG (JODVV DUH WKH
UHLQIRUFHPHQWVZKHUHDV$OLVPDWUL[PDWHULDO
$OXPLQLXP
% 9HQNDWDUDPDQ HW DO KDYH QRWHG WKDW $OXPLQLXP  SRVVHVV KLJK VWUHQJWK VXSHULRU FDVWLQJ
SURSHUWLHVKHDW WUHDWPHQWFDSDELOLW\ 'XH WR WKHVHSURSHUWLHVDQG LW¶VZLGHDSSOLFDWLRQV $OXPLQXP ZKLFK LV
DYDLODEOHLQWKHIRUPRILQJRWVZDVVHOHFWHGDVDPDWUL[PDWHULDO 7KHFKHPLFDOFRPSRVLWLRQRIWKH$OXVHGLQ
WKHSUHVHQWH[SHULPHQWDOVWXG\LVVKRZQLQWKH7DEOH 7KHGHQVLW\RI$OXVHGLVJFF
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7DEOH &KHPLFDO&RPSRVLWLRQRI$O
)O\$VK
.90DKHQGUD HW DO FRQFOXGHG WKDW IO\ DVK DV DQ H[FHOOHQW UHIUDFWRU\PDWHULDOZKLFK LV SURGXFHG E\
FRPEXVWLRQ RI WKH SXOYHUL]HG FRDO LQ D FRDOILUHG ERLOHU &RQVLGHULQJ LWV RYHUDOO JRRG SURSHUWLHV DQG DEXQGDQW




$UXQ .XPDU 0 % HW DO  KDYH SRLQWHG RXW WKDW (OHFWULFDO JUDGH JODVV (*ODVV KDV KLJK VSHFLILF
VWUHQJWK FKHPLFDOUHVLVWDQFH JRRGLQVXODWLQJSURSHUWLHV DQG ORZVSHFLILFGHQVLW\ (*ODVV ILEHUVRIOHQJWKWR






FRVW RI SURGXFWLRQ HDVLHU WR FRQWURO WKH SURFHVV DQG VXLWDELOLW\ IRU FDVWLQJ WKH LQJRWV ZLWK GLVFRQWLQXHV
UHLQIRUFHPHQWV([SHULPHQWVZHUH FDUULHG RXW WR DQDO\VH WKH HIIHFW RI UHLQIRUFHPHQWV IO\ DVK DQG(JODVV RQ WKH
PHFKDQLFDOSURSHUWLHVDQGZHDUUHVLVWDQFHRIFRPSRVLWHVIRUPHG










IO\ DVK DQG (*ODVV LQ $O  DOOR\ PDWUL[ DQG ERQGLQJ TXDOLW\ 0LFURVWUXFWXUHV IRU GLIIHUHQW VDPSOHV ZHUH
VWXGLHG 7KH VSHFLPHQV ZHUH FOHDQHG ZLWK DFHWRQH DQG GULHG RXW LQ  DLU DQG ;5D\ GLIIUDFWLRQ VWXGLHV RI WKH
(OHPHQW &U &X )H 0J 0Q 6L 7L =Q %DODQFH
:W         $OXPLQLXP
(OHPHQW 6L2 $O2 )H2 &D2 0J2 7L2 1D2 .2 62
:W         
(OHPHQW 6L2 $O2 %2 )H2 &D2 0J2 7L2 1D2.2
:W        
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VSHFLPHQVZDVFDUULHGRXWXVLQJ&X.DUDGLDWLRQDWDVFDQVSHHGRIPV 7KHPHFKDQLFDODQGZHDUEHKDYLRXU
RIWKHDVFDVWKHDWWUHDWHGFRPSRVLWHVIRUPHGZHUHVWXGLHGWKURXJKPHDVXUHPHQWRIWHQVLOHVWUHQJWKKDUGQHVVDQG
ZHDU UHVLVWDQFH 0LFUR VWUXFWXUDO REVHUYDWLRQV ZHUH PDGH XVLQJ 6FDQQLQJ (OHFWURQ 0LFURVFRSH 7KH VDPSOHV




7KH VDPSOHV ZHUH PDFKLQHG DV SHU WKH $670 VSHFLILFDWLRQV DQG ZHUH VXEMHFWHG WR VROXWLRQ KHDW WUHDWPHQW
0HFKDQLFDODQGZHDUSURSHUWLHVRIWKHFRPSRVLWHVIRUPHGKDYHEHHQDQDO\VHG
 0HWDOORJUDSKLFVWXGLHV
0LFURVWUXFWXUH H[DPLQDWLRQZDV FDUULHG RXW IRU WKH FRQILUPDWLRQ RI WKH SUHVHQFH RI WKH UHLQIRUFHPHQWV LQ WKH
DOOR\PDWUL[$ FURVV VHFWLRQZDV REWDLQHG IURP WKH FDVWLQJV FDUULHGRXW JULQGLQJ DQG WKHQ SROLVKHGZLWK HPHU\
SDSHU HQJUDYHGZLWK.HOOHUµV VROXWLRQ DQGZHUH H[DPLQHG WKURXJKRSWLFDOPLFURVFRSH)LJXUHV WR  VKRZV WKH









GLVWULEXWLRQ ZKLFK PD\ EH DWWULEXWHG WR WKH IDFW WKDW WKH PDWUL[ DQG UHLQIRUFHPHQWV KDYH DOPRVW HTXDO YDOXH RI
GHQVLW\DQGRZLQJWRWKHHIIHFWLYHVWLUULQJSURFHVV
 ;  5D\GLIIUDFWLRQDQDO\VLV
7KH)LJ  VKRZV WKH;5'SDWWHUQRI& FRPSRVLWHZKLFKVKRZV WKHGLVWULEXWLRQRIUHLQIRUFHPHQWPDWHULDOVLQ
WKHPDWUL[PDWHULDO5HGFRORXUSUHVHQWVWKHSUHVHQFHRI$OXPLQLXP%OXHFRORXULQGLFDWHVWKHSUHVHQFHRIVLOLFDWH
)O\DVKDQG*UHHQFRORXUVKRZVWKHSUHVHQFHRI TXDUW](JODVV
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)LJ  (IIHFWRIYDULDWLRQRI(*ODVVILEHUDQGIO\DVKFRQWHQWRQ+DUGQHVV
)URPWKH)LJ  LWLVHYLGHQWWKDW UHLQIRUFHPHQWVDQGKHDWWUHDWPHQWKDYH VLJQLILFDQW LQIOXHQFHRQKDUGQHVV 7KH
HQKDQFHPHQW LQ KDUGQHVV RI FRPSRVLWHV LV DWWULEXWHG PDLQO\ WR 'LVSHUVLRQ RI KDUG UHLQIRUFHPHQWV LQ D VRIW DQG
GXFWLOHPDWUL[ UHVXOWVLQLPSURYHPHQWLQVWUHQJWKGXHWRODUJHUHVLGXDOVWUHVVHVGHYHORSHGGXULQJVROLGLILFDWLRQ DQG
6LQFH WKHUHLQIRUFHPHQWVZHUHSUHKHDWHG WRq&EHIRUHDGGLWLRQ WRPROWHQPHWDO UHVXOWLQJ LQDEHQHILFLDOHIIHFW
WKURXJKWKHIRUPDWLRQ RI LQWHUIDFH IUHH IURPDQ\FKHPLFDOUHDFWLRQDORQJZLWKWKHSRVVLELOLW\RIJRRGERQGH[LVWLQJ
EHWZHHQ WKH PDWUL[ DOOR\ DQG WKH UHLQIRUFHPHQWV 7KXV WKH ORDG WUDQVIHU FDSDELOLW\ RI WKH PDWUL[ WR WKH
UHLQIRUFHPHQWLVH[SHFWHGWREHPRUHZKLFKPD\EHDQRWKHUUHDVRQIRULQFUHDVHLQKDUGQHVVYDOXHV
 7HQVLOHVWUHQJWK




KDUGQHVV RI WKH FRPSRVLWHV ZKLFK LQ WXUQ KDV LQFUHDVHG WHQVLOH VWUHQJWK RI WKH FRPSRVLWHV 7KLV LV GXH WR WKH
UHVLVWDQFH WR GLVORFDWLRQV DQG KHQFH VWUHQJWK LQFUHDVHV ZLWK WKH ZHLJKW SHUFHQW $Q HIIHFWLYH ERQGLQJ EHWZHHQ
UHLQIRUFHPHQWDQGWKH$OPDWUL[IDYRXUVDQLPSURYHPHQWRIWKHWHQVLOHVWUHQJWK
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 :HDU UDWH













)LJ  6(0RI D$OPDWUL[ EKRXUVDJHGFRPSRVLWH&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$UWLILFLDO1HXUDO1HWZRUN$11PRGHOLQJZDV FDUULHGRXWWROLQNWKHLQSXWYDULDEOHVWRWKHRXWSXWSHUIRUPDQFH
PHDVXUHV 7KH FRPSDULVRQ RI H[SHULPHQWDO DQG $11 SUHGLFWHG GDWD RI WHQVLOH VWUHQJWK KDUGQHVV DQG ZHDU











LL 7HQVLOH VWUHQJWK KDV EHHQ LQFUHDVHG E\   KDUGQHVV ZDV GRXEOHG DQG ZHDU UHVLVWDQFH KDV LQFUHDVHG
DERXW IRUUHLQIRUFHGDQGKHDWWUHDWHGFRPSRVLWHVZKHQFRPSDUHGWRDVFDVWFRPSRVLWH
LLL +RZHYHUEH\RQG WKUHHSHUFHQWDJHV RI UHLQIRUFHPHQWVORVVRIUHLQIRUFHPHQWVKDVVWDUWHGWDNLQJSODFHGXH
WRIORDWDWLRQRIWKHUHLQIRUFHPHQWVLQSDUWLFXODUIO\DVK)XUWKHULWZDVGLIILFXOWWRVWLUDQGPL[WKHPLQWKH
PROWHQPHWDOXQLIRUPO\GXHWRLQFUHDVHLQYROXPH
LY 7KH00&VIRUPHG DUH VXSHULRUWR$ODOOR\ DQGEDVHGRQWKHH[SHULPHQWDOYDOXHVKRXUVKHDWWUHDWHG
FRPSRVLWH &  RI HDFK UHLQIRUFHPHQW KDV EHHQ FRQVLGHUHG DV WKH EHVW RQH DPRQJ DOO WKH IRUPHG
FRPSRVLWHV
Y 7KHQHXUDOQHWZRUNUHVXOWVFRQILUPHG WKH YLDELOLW\RIXVLQJ WKHDSSURDFKDQGVKRZHGDJRRGDFFRUGDQFH
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